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Orthodontic treatmentAbstract Objectives: This study was conducted to investigate the following: (1) the effects of
chewing honey on plaque formation in orthodontic patients, (2) the effect of chewing honey on den-
tal plaque bacterial counts, (3) determine if honey possesses antibacterial effects on bacteria recov-
ered from plaques.
Methods: Female orthodontic patients (n= 20, 12–18 years of age) participated in this random-
ized controlled study. The effects of honey were compared to treatment with either 10% sucrose or
10% sorbitol that served as positive and negative controls, respectively. The pH of plaque was mea-
sured using a digital pH meter prior to baseline and at 2, 5, 10, 20, and 30 min after chewing honey
or rinsing with control solutions and the numbers of Streptococcus mutans, Lactobacilli, and
Prophymonas gingivalis in respective plaques were determined. The antibacterial activity of honey
was tested against commonly used antibiotics using the disk diffusion method.
Results: Signiﬁcant differences in pH were observed in the honey and sucrose groups compared
to the pH observed in the sorbitol group (p 6 0.001). The maximum pH drop occurred at 5 min in
both the honey and sucrose groups; however the pH in the honey group rapidly recovered
10–20 min after exposure and did not drop below the critical decalciﬁcation pH of 5.5. On the other
hand, the pH following sucrose exposure fell <5.5 and was associated with a 30 min recovery time.
Effect of honey in preventing gingivitis and dental caries 109The pH observed for the sorbitol group did not change over time. Bacterial counts were signiﬁ-
cantly reduced in the honey group compared to the other treatment groups (p 6 0.001) and honey
signiﬁcantly inhibited the growth of all studied strains compared to inhibition observed with
antibiotics (p 6 0.001).
Conclusions: Honey can be used as an alternative to traditional remedies for the prevention of
dental caries and gingivitis following orthodontic treatment.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Clinicians have been attempting to reduce gingivitis and enamel
demineralization during orthodontic treatments (Agerbaek
et al., 1975; Mizrahi, 1988; O’Reilly and Featherstone, 1987;
Patel et al., 2010; Shannon, 1980; Underwood et al., 1989)
by using of ﬂuoride dentifrices and ﬂuoride solutions (Mizrahi,
1988; O’Reilly and Featherstone, 1987; Shannon, 1980;
Underwood et al., 1989), antibacterial mouth rinses (Agerbaek
et al., 1975), and antibiotics (Park et al., 1998).
Recently, much attention has been given to natural prod-
ucts with health-promoting beneﬁts. Historically, honey has
been used as an eco-friendly medicine for many years in the
treatment of burns, infected wounds (Cutting, 2007; Moore
et al., 2001), peptic ulcers, bacterial gastroenteritis (Ali, 2003;
Salem, 1981), and ophthalmic infections (Emarah, 1982). In
addition, honey possesses potent broad-spectrum antibacterial
activity and studies have demonstrated that manuka honey
have anti-cancer properties (English et al., 2004).
In vitro studies have shown that exposure to a honey solu-
tion affected monocyte activity (Fischer et al., 2007). It was
found that mouth washes containing propolis (present in bee
products) possessed antimicrobial activity against Streptococ-
cus mutans and can be used as an alternative treatment in den-
tal caries prevention (Duailibe et al., 2007) and in the
reduction of plaque accumulation and polysaccharide forma-
tion (Koo et al., 2002). Recently it was reported that periodon-
tal pockets irrigated with 10% propolis solution had a 95%
decrease in gingivitis (do Amaral et al., 2006) suggesting (based
on both clinical and microbiological parameters) that subgin-
gival irrigation with a propolis extract as an adjunct to peri-
odontal treatment and more effective than scaling and root
planing (Ahuja and Ahuja, 2011; Coutinho, 2012). Topical
application of a propolis extract on oral Candida albicans
lesions resulted in remission within three weeks and treatment
efﬁcacy was comparable to treatment with nystatin, the stan-
dard antifungal product used to treat these infections (Santos
et al., 2005). Another study conducted on premolars for direct
pulp capping also showed that propolis was as effective as cal-
cium hydroxide. Based on these observations it has been con-
cluded that propolis can be used along with calcium hydroxide
as an intra-canal treatment (de Rezende et al., 2008).
A study conducted by Patel et al. (2010) on bacterial iso-
lates obtained from patients undergoing orthodontic treatment
showed that the honey was a more effective antibacterial than
some of the common antibiotics tested, further suggesting that
honey might inhibit dental plaque formation and aid in con-
trolling gingivitis associated with orthodontic procedures
(Coutinho, 2012; Nayak et al., 2010; Patel et al., 2010;
Steinberg et al., 1996). Therefore, the present study was con-
ducted to determine the following: (1) the effect of chewinghoney on plaque pH in orthodontic patients, (2) the effect of
chewing honey on bacterial counts present in dental plaques
and, (3) the in vitro effects of honey on the growth of plaque
bacteria.
2. Materials and methods
Female patients (n= 20, 12–18 years of age) undergoing
orthodontic treatment were enrolled in the present study.
The study was reviewed and approved by the Ethical Commit-
tee of the Faculty of Dental Medicine, Al-Azhar University,
Cairo, Egypt and informed consent was obtained from each
subject after the study was explained. Treatment constituted
of ﬁxed orthodontic therapy with extraction of the ﬁrst bicus-
pids followed by individual canine retraction (maintaining
maximum anchorage conservation) and space closure. Subjects
having received antibiotic therapy 2-weeks prior to the start of
the study or subjects with xerostomia were excluded.
2.1. Assessment of plaque pH
The pH of the honey (Imtenan Co. Ltd., Elnozha Elgededa,
Cairo, Egypt), sucrose (Al Monairy Corn Products. Cairo,
Egypt), and sorbitol (Sorbidex, Cargill Middle East, Dubai,
United Arab Emirates) was measured using a digital pH meter
(Orion model 230A, Thermo Scientiﬁc Inc., Tokyo, Japan).
The electrode was calibrated before measurement using stan-
dard buffers of pH 4.0 and 7.0 and the pH read after allowing
the reading to stabilize for 30 s. Measurements were taken 3
times and the means were recorded.
2.2. Plaque collection
Plaque samples were collected for pH measurement as
described with modiﬁcations described below (Rugg-Gunn
et al., 1975). All subjects were required to refrain from brush-
ing their teeth or using any oral hygiene products for 24 h and
to abstain from consuming any food or drink (except water)
for at least 2 h before each test session. These criteria con-
formed to the guidelines of the Plaque Acidity Working Group
of the Food, Nutrition, and Dental Health Committee of the
American Dental Association (Harper et al., 1986). Patients
were asked to return on a weekly basis and at each visit, base-
line plaque samples were collected with a spoon excavator
from all accessible surfaces of the upper central incisors, buccal
surfaces of upper ﬁrst molars and premolars, and the lingual
surfaces of lower molars and incisors. The subjects were asked
to swallow immediately before plaque collection to minimize
salivary contamination, and during sample collection care
was taken to avoid contamination with blood or saliva.
Patients were then asked to chew and ingest 10 g of pure
Figure 1 Mean plaque pH differences between groups over time.
Figure 2 Mean bacterial counts (CFU/10 ll) before and one
hour after honey consumption.
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sorbitol solutions (positive and negative controls, respectively)
for 1 min (Nayak et al., 2010; Parsons, 2011). Post consump-
tion plaque samples were collected at 2, 5, 10, 20, and
30 min and the pH determined in the same manner (Table 1).
Only one substance (honey, sucrose, or sorbitol) was tested at
each visit in a randomized order with at least 7 days between
each test to avoid any carryover effects.
Collected plaque samples were mixed with 20 ll of distilled
water and the pH was measured with a micro-combination
electrode (Orion model 9802BN, Thermo Scientiﬁc Inc.,
Tokyo, Japan) in conjunction with a portable pH meter (Orion
model 230A, Thermo Scientiﬁc Inc., Tokyo, Japan). Calibra-
tion of the system was carried out before each test and the
electrode was cleaned with distilled water and placed in a stan-
dard solution of pH 7.0.
2.3. Bacterial counts
Base-line and 30 min plaque samples were collected in 2 ml of
sterile thioglycollate broth transport media in screw capped
vials and immediately transferred to the laboratory (the regio-
nal Center for Myology and Biotechnology, Culture and Sen-
sitivity Unit, Al-Azhar University, Cairo, Egypt). S. mutans,
Lactobacillus acidophilus, and Prophyromonas gingivalis were
isolated from respective samples (Cowan et al., 2004) and bac-
terial counts determined using the standard pour plate method
(Norden and Kass, 1968).
2.4. Bacterial sensitivity testing
The antimicrobial activity of honey was studied using the disk
diffusion method (Cruickshank, 1968). Antibiotic discs (5 mm
diameter) were placed in the center of the agar plates. Disks
(5 mm diameter) containing honey were prepared from What-
man’s ﬁlter paper and were autoclaved. Respective disks were
placed equidistant from each other on the streaked nutrient
agar plates and incubated for 24 h at 37 C. The zone of inhi-
bition to the nearest millimeter (including the diameter of the
disk) was measured using a ruler.
2.5. Statistical analysis
Data were analyzed by ANOVA and Tukey’s post hoc tests
using SPSS Version V.17 (SPSS Inc, Chicago, Illinois). Data
are expressed as the mean ± standard deviation (SD) or stan-
dard error (SE) of triplicate readings and p-values < 0.05 were
considered statistically signiﬁcant.Table 1 Changes in pH over time.
Groups pH
Baseline 2 min 5 min 10 m
Honey 6.85 ± (.45)a 6.42 ± (.40)a 5.86 ± (.20)c 6.23
Sucrose 6.82 ± (.45)a 6.22 ± (.34)b 5.28 ± (.29)c 5.71
Sorbitol 6.88 ± (.45)a 6.74 ± (.45)a 6.72 ± (.48)a 6.67
Data are expressed as the mean ± SD of 3 observations.
Means with similar letters are not signiﬁcantly different.
(a, b) and (b, c) are signiﬁcant at p 6 0.05, (a, c) are signiﬁcant at p 6 0.3. Results
There were signiﬁcant differences in the plaque pH between the honey
and sucrose groups compared to the pH observed in the sorbitol group
(Fig. 1 and Table 1; p 6 0.001). The maximum decrease in pH occurred
at 5 min in both the honey and sucrose groups with the pH in the
honey group recovering in 20 min. The critical value for decalciﬁcationANOVA
in 20 min 30 min F Sig.
± (.20)b 6.54 ± (.20)a 6.84 ± (.20)a
± (.18)c 6.33 ± (.16)b 6.79 ± (.24)a 17.756 .000***
± (.47)a 6.82 ± (.48)a 6.86 ± (.48)a
01, ***p 6 0.001.
Effect of honey in preventing gingivitis and dental caries 111(pH 5.5) was not reached for in either the honey or sorbitol groups,
however, the pH in the sucrose group fell below the critical value
but recovered by 30 min. The pH curve for sorbitol was almost linear
with no signiﬁcant drop over time during the test period (Fig. 1).
Although the pH was affected by exposure to either honey, sucrose,
or sorbitol only exposure to honey signiﬁcantly reduced (p< 0.001)
the number of bacteria that were recovered from plaques 30 min after
exposure (Fig. 2 and Table 2).
The antibacterial properties of honey were assessed by comparing
the zones of inhibition resulting from the culture of S. mutans, P. gin-
givalis, and L. acidophilus in the presence of either honey or various
antibiotics (Table 3 and Fig. 3). Honey signiﬁcantly inhibited the
growth of all the strains studied compared to zones of inhibition result-
ing from growth in the presence of antibiotics (p 6 0.001).
4. Discussion
Although honey is acidic (endogenous pH 4.2) both sucrose
and sorbitol were used at pH 7. Data presented in this study
demonstrated that eating honey was associated with a greaterTable 2 Bacterial counts before and 1 h after chewing honey.
Mean SD t – Test
Mean diﬀerence SD SE t Value Sig.
Streptococci Before 255.6 90.8 151.20 47.51 15.03 10.063 .000***
After 104.4 51.7
Lactobacilli Before 100.2 63.5 58.00 33.83 10.69 5.422 .000***
After 42.2 33
P. gingivalis Before 56.4 24.4 14.40 7.44 2.35 6.119 .000***
After 42 17.8
CFU= Colony Forming Unit.
CFUs determined from 10 ll.
SD, standard deviation; SE, standard error.
*** p 6 0.001.
Table 3 The effect of honey on bacterial growth.
Mean SD Tukey’s HSD test
Mean diﬀerence Std. error Sig.
Streptococcus mutans
Honey 27.6 3.1
Penicillin 18.2 3.5 9.40 1.37073 .000***
Oxytetracycline 20.4 3.1 7.20 1.37073 .000***
Chloramphenicol 19.2 2.0 8.40 1.37073 .000***
Cefaclor 16.4 2.9 11.20 1.37073 .000***
Prophymonas gingivalis
Honey 24.5 2.7
Penicillin 16.8 3.4 7.70 1.26139 .000***
Oxytetracycline 19.3 2.4 5.20 1.26139 .002**
Chloramphenicol 18.3 2.1 6.20 1.26139 .000***
Cefaclor 15.6 2.6 8.90 1.26139 .000***
Lactobacillus acidophilus
Honey 31.9 2.9
Penicillin 21.4 3.1 10.50 1.25536 .000***
Oxytetracycline 21.5 2.8 10.40 1.25536 .000***
Chloramphenicol 15.2 2.0 16.70 1.25536 .000***
Cefaclor 19.2 2.6 12.70 1.25536 .000***
** p 6 0.01.
*** p 6 0.001.reduction in pH compared to changes observed following
sucrose consumption. Exposure to sorbitol was not associated
with a signiﬁcant drop in pH suggesting that the inherent pH
of liquids was not indicative of pH changes to the plaque or
of their erosive potential (Edwards et al., 1999; Grenby
et al., 1989). The plaque pH measurement method used in this
study has been used successfully in previous studies and shown
to be a reliable method of determining the cariogenicity of
food (Lehl et al., 1993). These methods have been shown to
satisfactorily identify non acidogenic foods compared to
appropriate positive (sucrose) and negative (sorbitol) controls
(Curzon and Hefferren, 2001). Although acidic plaques have
been correlated with increase in the numbers of caries,
(Tahmassebi and Duggal, 1997) few studies have examined
the effect of honey on plaque pH. Since honey is an important
sweetening agent it represents a source of fermentable sugar
for oral bacteria and studies have suggested that honey was
as cariogenic as sucrose (Bowen and Lawrence, 2005; Rells
and Nizell, 1973; Shannon et al., 1979) or as in other studies
Figure 3 Bactericidal properties of honey compared to antibiotics.
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Wakeman et al., 1948). In contrast, other reports have shown
that honey was less cariogenic than sucrose (Molan, 2001) and
that honey and other bee products (e.g., propolis) were non-
cariogenic, in addition to suggesting that honey be used for
control of dental caries (Kujumgiev et al., 1999; Menezes
et al., 1997; Park et al., 1998).
The present study demonstrated that the mean minimum
plaque pH 5 min after exposure to honey was higher than
the pH observed following sucrose exposure (5.86 and 5.28,
respectively) although this difference was not statistically sig-
niﬁcant. In contrast, at 10 and 20 min the plaque pH after
chewing honey was signiﬁcantly higher than after rinsing with
sucrose (p 6 0.05). Unlike sucrose, chewing honey did not
result in a decrease in pH below the critical value of 5.5 asso-
ciated with enamel demineralization. Perhaps the antibacterial
activity of honey against cariogenic bacteria overcame its pH
reducing effects based on previous observations demonstrating
that honey possessed antibacterial properties against medically
important bacteria (Bonvehı´ and Coll, 1994; Digrak et al.,
1995; Gebara et al., 1996; Grange and Davey, 1990; Ikeno
et al., 1991; Lindenfelser, 1967; Steinberg et al., 1996). How-
ever, few studies have investigated its activity against oral
pathogens (Burdock, 1998; Gebara et al., 1996; Lindenfelser,
1967; Steinberg et al., 1996).
Previous studies suggested that the antibacterial spectrum
of honey is fairly broad, acting against Gram-positive and -
negative rods and cocci, yeast, and fungi (Duailibe et al.,
2007). Results described in the present study demonstrated
that the number of S. mutans, P. gingivalis, and L. acidophilus
were signiﬁcantly reduced after chewing honey, supporting
previously published reports (Hayacibara et al., 2005; Ozan
et al., 2007; White et al., 1963).
Antibiotic susceptibility testing demonstrated that the iso-
lated microorganisms in the present study were more sensitiveto honey than antibiotics. At this time, however, the mechanism
associated with the antibacterial effects of honey remain
unknown, although the presence of hydrogen peroxide
(Havsteen, 1983), ﬂavonoids (Mundo et al., 2004), and hyper-
tonic sugar concentrations (Cai and Wu, 1996) have been put
forth as possibilities. More speciﬁcally, hydrogen peroxide has
been shown to form in honey by the action of the enzyme glucose
oxidase that produces gluconic acid and hydrogen peroxide
from glucose. Flavonoids have been shown to have antibacterial
properties (Mundo et al., 2004), and high sugar concentrations
produce a hypertonic condition causing plasmolysis of micro-
bial cells resulting in growth inhibition and death (Cai and
Wu, 1996).
5. Conclusions
Within the limitations of the study it can be concluded that
topical application of honey can modify the pH, reduce bacte-
rial counts, and inhibit bacterial growth. These data suggested
that topical application/chewing of honey might help prevent
gingivitis and caries in patients undergoing orthodontic treat-
ment. Further studies will be required to substantiate these
preliminary observations.
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